Background Colorectal cancer (CRC), the most lethal longterm complication of inflammatory bowel disease (IBD), is the culmination of a complex sequence of molecular and histologic derangements of the colon epithelium that are initiated and at least partially sustained by prolonged chronic inflammation. Dysplasia, the earliest histologic manifestation of this process, plays an important role in cancer prevention by providing the first clinical alert that this sequence is under way and by serving as an endpoint in colonoscopic surveillance of patients at high risk for CRC. Restorative proctocolectomy (RPC) is indicated for patients with IBD, specifically for ulcerative colitis that is refractory to medical treatment, emergency conditions, and/or in case of neoplastic transformation. Even after RPC with mucosectomy, pouchrelated carcinomas have recently been reported with increasing frequency since the first report in 1984. We review IBDassociated CRC and pouch-related neoplasia prevalence, adverse events, risk factors, and surveillances.
Background
Colorectal cancer (CRC) is such a preventable and treatable condition that has been described as "the disease no one has to die from" [1] . Yet, CRC is one of the most prevalent cancers in the USA, affecting 146,970 in 2008 [2, 3] and 149,810 in 2009 [2, 3] , and is the second after lung cancer, as the most common cause of cancer deaths with 49,920 for 2008 [2, 3] and 49,960 death for 2009 [2, 3] . People who suffer from inflammatory bowel disease (IBD), which comprises two major subtypes, Crohn's colitis (CC) and ulcerative colitis (UC) that are based on clinical, endoscopic, histopathological, and radiological characteristics, are at increased risk for developing CRC [4, 5] . This is true because the tissue of the colon and rectum is inflamed [6] [7] [8] [9] for a long period of time [10] . Risks are even greater for patients with pan-colitis [11] and depend on the patient's age of disease onset, disease duration, and histological severity of inflammation [12, 13] . Prevalence of CRC development risks for patients with UC and CC [14] is identical but higher than normal population [12, 15] . The first IBD-associated CRC report for UC (1925) [16] and CD (1948) [17] recognized inflammation as a leading cause of long-term mortality. Recent studies observed that IBD confers a higher risk of CRC to males compared with females [5, 18] , striking most by middle age [18, 19] . The etiology of IBD is to date still unknown. For nearly 30 years, efforts at cancer prevention have been based on an empirical strategy of colonoscopy surveillance with biopsies to identify dysplasia, the earliest recognizable precursor of CRC and the most reliable marker of imminent cancer risk. Ideally, the rationale of surveillance is to allow most patients whose biopsy specimens remain free of dysplasia to avoid colectomy while enabling those with dysplasia to undergo surgery before the development of CRC. Although validation of this strategy has been based largely on indirect evidence, surveillance has been widely embraced and broadly implemented as the standard of care for patients at risk for CRC [19, 20] .
CRC in IBD is also the prototype of the inflammationdysplasia-cancer sequence in the lower gastrointestinal (GI) tract and the culmination of unique histogenetic and molecular pathways, the details of which cannot be simply extrapolated directly from the sporadic adenoma-cancer sequence. Understanding its pathogenesis is the key to future improvements in diagnosis and chemoprevention, as well as basic advances in our understanding of carcinogenesis.
Because the disease is refractory to medical treatment, dysplasia or cancer (found during screening colonoscopy), and retardation of growth in a child or adolescent, one third of patients with UC will eventually require proctocolectomy surgery [21, 22] . In any of the aforementioned circumstances, three operations are recommended, including conventional total proctocolectomy with permanent ileostomy [23] , restorative proctocolectomy (RPC) with ileal pouch-anal anastomosis (IPAA), and total abdominal colectomy with ileorectal anastomosis (IRA) [24] . IRA is only suitable for the few patients whose rectum is relatively free of inflammation and where there is no dysplasia or established cancer in the rectum [25] . RPC is now the standard criterion procedure for UC [26] (and familial adenomatous polyposis) while there are still controversies in regard to indeterminate colitis (IC) and CC. The emphasis for each procedure is different with conventional proctocolectomy being indicated, and the surgical options largely lie between colectomy with IRA and RPC [27] . The success of RPC is largely dependent on careful patient selection and of utmost importance is accurate diagnosis (which we are unable to offer in 30% of IBD patients) with meticulous surgical technique [24] . Excision of the entire colon and rectum with mucosectomy of the residual anorectal stump is intended to achieve complete removal of all disease-prone mucosa, while maintaining transanal fecal continence [24, 27] . The procedure, however, inadvertently leaves small mucosal residual islands [24, 27] . Indisputably, ileo-anal pouch mucosa and the anorectal mucosa below the ileo-anal anastomosis is therefore at potential risk of developing subsequent cancer [28, 29] in the pouch and the ileo-anal anastomosis [30, 31] . A substantial number of these patients, after surgical treatment, even with mucosectomy, will not always be prevented from developing cancer in the pouch [32] [33] [34] and/or from in the remnant anal transition zone (ATZ) [35] .
This review highlights the experience in the clinical literature published on incidence of IBD-associated colorectal and/or ileal pouch cancer following RPC.
Methods
A systematic literature search consisting of retrospective studies and case reports of comparative studies reporting IBD-associated colorectal cancer and post-operative early and late ileal pouch adenomas and adenocarcinoma adverse events were reviewed. Patients diagnosed with IBD-associated CRC between 1925 through June 2010 and those who had undergone RPC surgery since the first pelvic pouch operation in 1978 [26] through August 2010 were prospectively enrolled. Institutional Review Board approval was obtained by each of the participating research Institutions.
The US National Library of Medicine database (MED-LINE), the Excerpta Medica database (EMBASE), the Cochran Library, and Google ® search engine were searched for published articles on the "inflammatory bowel disease," "ulcerative colitis," Crohn's colitis, "colectomy," "restorative proctocolectomy," "ileo-anal anastomosis," "ileal pouches," "villous adenomas," "adenocarcinoma," "dysplasia," "metaplasia," "pouch dysplasia," "pelvic pouch", and "pouch neoplasia." The initial search covered from January 1975 through December 2007. A second search was performed to include January 2008 through June 2010 to update the initial search. The search excluded foreign language and non-human studies, as well as editorials. Additional articles were identified by cross-referencing papers retrieved in the initial search. Papers were included on the basis of most recent available evidence for each specific point of interest. Final and conclusive agreement was assessed with the k-statistic during the title review and abstract review. If the k value was ≥0.6, the titles were reviewed and divided into two sets; each was reviewed by only one of the two researchers. If the k value was <0.6, reviewers discussed discrepancies, followed by other assessments of agreement. A similar process was used for abstract review, with an increased k value of 0.7 for acceptance.
The same team of authors involved in the original title, abstract, and article review process conducted hands-on searches of bibliography from accepted articles and review articles. These hands-on searches resulted in retrieval of a limited number of additional articles for review (Table 1) .
Results
Summary of molecular signals, mediators, targets, and mechanism implicated in progression from inflammation to cancer are depicted in Fig. 1 . Approximately two thirds of the IBD-associated CRC patients are males [36] . This happens because of protective effect of female sex on inflammation-associated cancer, attributed to estrogens [36] [37] [38] on the propagation of inflammation and inflammation-associated cancer. All IBD complicating CRC are reported to have occurred in stages of colitis segment [39] . Proctocolectomy, even with mucosectomy, does not always prevent subsequent development of cancer of the pouch and/or in the remnant ATZ [34] . The summary of all reported ileal pouch or the ileo-anal outflow cancer results following RPC for UC, to date, are depicted in Tables 2 and 3 , respectively. To date, there are 43 reported cases of IBD-pouch-related cancer of which 11 cases had cancer from the pouch body and 32 cases had it originating from the ATZ . Interestingly, out of the 32 patients with cancer at ATZ, 28 patients were mucosectomized and three patients had stapled anostomosis without mucosectomy (Table 2) .
Colorectal neoplasia in IBD
IBD, often characterized by UC and CD (or IC, when nondefinitive evaluations have been made), increases the risk of developing CRC [12, 15] . In general, the longer a person has had IBD, the greater the chance of developing CRC [12, 66] .
Risk factors Despite the fact that the magnitude of risk for CRC conferred by IBD has been difficult to quantify, there is unanimous agreement in the literature [67, 68] that it exceeds that of the age-matched general population threeto fivefold and that it depends critically on duration and the anatomic extent of colonic disease inflammation. A widely referenced comprehensive meta-analysis of 19 studies with age-stratified data [69] reported that the cumulative incidence of CRC in UC is 2% after 10 years, 8% after 20 years, and 18% after 30 years of disease. Other recent studies [68, 70] observed lower incident rates attributed to, among other factors, the benefit of endoscopic surveillance and anti-inflammatory chemoprophylaxis [71] .
Evaluations of the risk of CRC in patients with CD show compelling evidence that the magnitude of risk associated with CD is identical to that for UC of comparable duration and extent [71] [72] [73] . Direct comparable hospital-based studies of CRC in UC and CC [72] [73] [74] have reported close similarities with respect to multiple clinical and pathologic parameters. One study [33] , which compared the incidence of CRC in two identically selected cohorts of patients with extensive UC and CC, reported a cumulative incidence of CRC of 185 at 22 years from onset of symptoms in the CC patients and 7% at 20 years from onset of symptoms in the UC group. Intriguingly, a recent meta-analysis [75] has estimated the relative risk for CRC in patients with CC to be 4.5, similar to that in UC, even without factoring in the effects of early colectomy.
CRC complicating pan-colitis is diagnosed at an average age of 45 years, or 15 to 20 years younger than patients with cancer in the general population [5, 76, 77] corresponding to a mean colitis-cancer interval of approximately 20 years. The onset of IBD in childhood or adolescence poses a substantial cumulative risk for development of CRC [76] , as high as 40% and accounts for nearly one third of all IBD-related cancer cases. However, most authorities do not consider early disease onset to be an independent risk factor per se but a reflection of prolonged risk exposure and high prevalence of pan-colitis in children [78] .
Approximately 80% of cancer in UC occurs in the setting of pan-colitis or extensive colitis, colitis extending as far as the hepatic flexure [68] . Left-sided UC confers an intermediate degree of risk for neoplasia, whereas proctitis and proctosigmoiditis confer little or none [76, 79] . The onset of left-sided colitis and of associated CRC each occurs 5 to 10 years later, on average, than for pan-colitis, but the mean 20-year colitis-cancer interval remains the same [80] .
The intensity of microscopic inflammation in colonic biopsy specimens has been implicated as an independent risk factor for development of neoplasia [15, 81] . After using similar scales to grade inflammation in colonic biopsy specimens [79] [80] [81] , the actuarial risk of neoplasia increased three-to fivefold for every unit increase in the grade of inflammation. In most cases, CRC is often diagnosed during subsidence of manifestations of a disease [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] . The seemingly contradictory fact that CRC is often diagnosed in patients with clinically quiescent disease may be explained by (1) the greater likelihood that they will retain their colon indefinitely, (2) their lower likelihood of seeking regular medical care [82] , and (3) poor correlation Fleisher et al. [233] Abbreviations: APC adenomatous polyposis coli, CRC colorectal carcinoma, DCC deleted in colon cancer, HGD high-grade dysplasia, LGD low-grade dysplasia, MSI microsatellite instability, TGF transforming growth factor between microscopic and clinical indices of disease severity activity [83] [84] [85] . The development of neoplasia in IBD may reflect underlying genetic predispositions in some cases. Casecontrol [86] and cohort studies [87] UC ulcerative colitis, RPC restorative proctocolectomy, IAA ileal anal anastomosis, ATZ anal transitional zone, MUC mucosectomy, SCC squamous cell cancer 50 years [87] . Early epidemiologic studies [88, 89] suggested that the incidence and prevalence of IBD in the USA, particularly CD, is significantly lower in African Americans than in Caucasians. It is difficult and unrealistic to draw conclusions about disease incidence rates among black Americans based on disease rates among South African blacks [90] . One study found that the incidence of CD among African American was 0.04 cases/100,000 persons compared with an incidence of 1.35/100,000 among Caucasians in the USA while the incidence of UC was 0.45/100,000 for African American vs. 3.5/100,000 for Caucasians. In an epidemiologic study conducted at the University of Chicago [91] , 58/1557 (3.7%) patients with IBD were black [88, 91] . Following epidemiologic studies, however, suggested that the prevalence of IBD among African American may be higher than initially recognized. A mail-based survey study conducted in a large health maintenance organization in California revealed prevalence rates of 43.6/100,000 for Caucasians and 29.8/100,000 for African Americans [92] . However, one has to bear in mind that such studies often suffer from low rates of minority enrollment, which may provide poor indicators for disease incidence among minorities. Synchronous primary sclerosing cholangitis (PSC) in UC confers a substantially increased risk for development of CRC [93] . One American [94] and three European [95, 96] population-based studies agreeably reported the incidence of CRC 10, 20, and 30 years after the diagnosis of UC to be 10%, 33%, and 40%, respectively. Nevertheless, since PSC is prevalent in patients with extensive but mild or asymptomatic colitis, it may serve merely as a surrogate marker for long-standing extensive UC, rather than as an independent risk factor for CRC [97] .
Inflammation The triggering role of inflammation in the pathogenesis of neoplasia in IBD is implied by disease duration, anatomic extent, and intensity of inflammation [98, 99] . The interrelationships between chronic inflammation and cancer predisposition have, to date, merged as a common theme in medicine, particularly in the GI tract, but the specific molecular signals that mediate them in IBD are only now beginning to be clarified [100] [101] [102] [103] [104] .
Research based mostly on murine colitis models or human colon cancer cell lines suggests that various inflammatory mediators are active participants in tumor promotion and progression. The proinflammatory cytokines TNF-α (tumor necrosis factor α), IL-6, and IL-23 have each been elucidated in the interplay between inflammatory and intestinal epithelia cells during IBD-associated carcinogenesis [98] [99] [100] [101] [102] [103] [104] [105] . For instance, transforming growth factor β-dependent IL-6 transsignaling, derived from tumor-infiltrating T cells, has been implicated in tumor progression in the azoxymethane/dextran sulfate sodium (AOM/DSS) mouse colitis model [106] . Intraluminal bacterial endotoxins, TNF-α, and other proinflammatory cytokines act through extracellular receptors such as Tolllike receptors to initiate phosphorylation cascades that transmit signals to key transcription factors such as nuclear factor (NF)-kB [107, 108] . Toll-like receptor 4, which responds specifically to bacterial lipopolysaccharide ligand and is expressed at low levels in normal intestinal mucosa, was shown to be upregulated in the mucosa of patients with IBD, in UC-associated CRC, and in colon tumors that develop in the AOM/DSS mouse models [109] . Conversely, Toll-like receptor 4-deficient mice developed fewer and smaller tumors and produced reduced levels of cyclooxygenase-2 expression and prostaglandin E 2 production, both of which are mediators of colorectal tumorigenesis. Mice deficient in cytoplasmic NOD1, another innate immune receptor that signals through NF-Kb, were reported to develop more severe colitis and a greater tumor burden when exposed to AOM/DSS than controls [110] . Interestingly, prior to depletion of the gut, microbial flora abrogated these effects, echoing an earlier study in which intestinal microflora were essential for the induction of inflammation-dependent carcinogenesis in transforming growth factor β1-deficient mice [111] . The link between colitis and tumor progression was reinforced by a study [112] reporting that deletion of IKKβ, the major positive regulator of NF-kB, in murine intestinal epithelial cells, resulted in decreased tumor incidence, but not tumor size, in AOM/DDS-treated mice. This decrease was attributable to increased apoptosis during tumor promotion despite no decrease in inflammation. However, the same deletion in myeloid cells resulted in decreased tumor size through diminished expression of proinflammatory cytokines, implicating that later as tumor growth factors [112] . Conversely, deletion of CYLD, a deubiquitinating enzyme that functions to down-regulate NF-Kb, resulted in more severe colonic inflammation and increased incidence of colonic adenocarcinoma [113] .
Among the implications of these studies is the realization that links exist between commensal bacterial components and elements of the innate immune response and inflammation-induced tumorigenesis [114] and that corresponding mechanisms, important for the initiation and maintenance of both chronic inflammation and tumor progression, involve NF-kB-regulated factors such as cytokines and chemokines, proangiogenic and antiapoptotic factors, and matrix proteases.
The mechanisms by which inflammatory cytokines promote the epithelial DNA mutations necessary for the initiation of neoplasia remain largely undefined. A potential clue has recently emerged from a study of activationinduced cytidine deaminase (AID), an enzyme that, under physiologic conditions, regulates class switch recombina-tion and somatic hypermutation in immunoglobulin genes of activated B cells. The study demonstrated that AID induction by proinflammatory cytokines in human colon cancer cell lines could lead to the accumulation of TP53 mutation [115] . The deaminase was overexpressed in both dysplastic and nondysplastic colonic epithelium from patients with UC and CC, as well as in some sporadic colon cancer specimens. Other mechanisms of this type may account for the production of potentially carcinogenic mutations in colonic epithelial cells under the control of proinflammatory cytokines.
The innate immune system may also provide a microenvironment that permits or even promotes tumor progression in states of chronic inflammation. A good example is IL-23, a proinflammatory cytokine that promotes the Th17 T cell differentiation pathway and plays an important role in the pathogenesis of IBD [116] . IL-23 is upregulated in some human tumors, whereas its deletion leads to increased infiltration of cytotoxic T cells and growth restriction of transformed or transplanted tumors [117] . It is likely that other tumor cell products are capable of recruiting and activating inflammatory cells capable of enhancing or limiting tumor growth. Unraveling the complex relationships between tumor cells, their microenvironment and the roles of cytokines within it may afford future targets for chemoprophylaxis.
Molecular pathogenesis
The typical pathogenetic characteristics of cancer development in IBD have attracted many studies [102, 118] seeking to identify the molecular differentiation between the colitides, corresponding etiologic factors, molecular pathways and mechanisms, as well as markers that might be exploited for clinical purposes (Fig. 1) . Most of these studies have dealt with UC, and it remains to be seen how closely the shared features of colorectal neoplasia in UC and CC are, to date, mirrored at the molecular level. Clearly, while emerging technological advances in endoscopy promise to make surveillance more effective, the greatest promise for cancer prevention in IBD lies in expanding our, thus far, limited understanding of the molecular pathogenetic relationships between neoplasia and chronic inflammation. Currently, there are multiple ongoing studies on molecule signature differences between the inflammatory colitides [79, 84, [100] [101] [102] [103] [104] . Delineation of the differential molecular features may aid not only in the understanding of disease biopathophysiology but accurately early diagnosis, easy, cheap, noninvasive and fast screening, and developing appropriate personalized therapies.
Genetic predisposition In spite of the fact that the importance of genetic susceptibility in the cause of IBD is irrefutable, its role as a risk factor for CRC is not well understood. Research studies have reported that first-degree relatives of patients with IBD complicated by CRC are more than twice as likely as the general population to have CRC themselves [86, 119] ; however, a similar risk increment is observed in the families of patients with sporadic CRC. The relatives of patients with uncomplicated IBD face no significantly increased risk of developing CRC [119, 120] , but conversely, a family history of sporadic CRC confers a doubling of the already increased rates of CRC among patients with UC [86, 119] . Analogous findings have been reported in the cotton-top Tamarin model of UC [121, 122] . Concisely, the risk for development of colitis-associated neoplasia may be influenced by heritable factors; however, these are not necessarily the same ones that predispose to sporadic CRC. For example, a mutation in the APC gene, which has been linked to development of sporadic CRC in Ashkenazi Jewish patients, is not increased in frequency among patients with IBD [122, 123] .
Pathology of CRC in IBD IBD-associated CRC occurs in a background of chronically inflamed mucosa, although direct endoscopic visualization, compared with microscopic assessment, often underestimates the intensity and extent of inflammation [124] . Most observations [68, 125, 126] have reported UC-associated CRC predominated in the descending colon, especially the sigmoid colon and rectum, but others [5, 72, 79, 127] have reported a roughly even distribution of lesions on either side of the splenic flexure in both UC and CC.
Compared with sporadic CRC, cancer in IBD is macroscopically heterogeneous and tends to be poorly delimited, irregular, and multifocal. Some cases mimic inflammatory strictures, ulcers, and inflammatory polyps, while others are deceptively flat and inconspicuous [68, 128] . The frequency of multiple synchronous cancers in IBD is 10% to 30%, especially in younger patients, and the simultaneous occurrence of three or more lesions is not unusual; by comparison, the frequency of two synchronous cancers in the general population is 3% to 5% and that of 3% or more is virtually nil [72, 79, 125, [127] [128] [129] .
Most cases of CRC in IBD are histologically conventional adenocarcinomas. However, mucinous adenocarcinomas account for 15% to 30% of these cancers, compared with 10% to 15% in the general population [72, 74] , and signet ring cell adenocarcinomas account for up to 7%, compared with approximately 1% in the general population [72] . In addition, extremely well-differentiated adenocarcinomas that are rarely encountered outside the setting of IBD account for 11% of IBD-associated intestinal cancers that are resected [130] .
Pathologists were the first to recognize dysplasia as a precursor to CRC in IBD [17, 131] and proposed periodic monitoring for dysplasia using rectal biopsies as a means of controlling cancer mortality [131] . These observations led to the first endoscopic surveillance program for patients with UC [132] , which became emulated widely and has now become the standard of care for those patients with UC and CC who are at high risk for CRC [19, 20, 133, 134] . As a result of such surveillance, evidence has been found supporting the role of dysplasia in the pathogenesis of CRC in IBD and can be summarized as follows: first, studies of resected colons have shown that dysplasia occurs in proximity to cancer in approximately 90% of resected colons, including nearly all cases with multiple cancers [72, 125, 129, 135, 136] and elsewhere in the colon in approximately 75% of cases with UC [76, 125, 127, 137] and 27% to 100% of cases of CC [136, 138] . Second, patients with IBD who undergo colectomy with a prior biopsy diagnosis of dysplasia are diagnosed with CRC in 20% to 50% of cases [139, 140] . Third, nearly all published results of endoscopic surveillance examinations have demonstrated neoplastic progression to CRC or high-grade dysplasia by way of lower-grade dysplasia. Fourth, IBD-associated dysplasia and CRC share common gene mutations (e.g., K-ras, TP53, and APC) and altered gene expression (e.g., Ki-67, bcl-2, surviving, YB-1, topoisomerase IIα) profiles [141, 142] . Lastly, although ethical constraints preclude randomized prospective studies to prove that endoscopic surveillance can reduce the incidence of CRC or prolong survival in the population with IBD, direct evidence from case-control studies [143] indicates that surveillance leads to the detection of cancers at relatively early stages, and circumstantial evidence [143] suggests that it is an effective strategy to reduce cancerrelated mortality [143] .
CRC in minority population
African American IBD patients are more likely than whites to develop colorectal cancer/disease (OR=1.9; 95% Cl 1.1-3.4) [144] . African American CD patients, but not UC patients, show lower prevalence of family history of IBD than white counterparts [144] . While the reduction in mortality attributable to CRC in the USA is evidence of the effectiveness of early screening interventions, overall survival rate for CRC among minority and disadvantaged population remains poor partly because most cancers are diagnosed at an advanced stage [145, 146] . Indeed, CRC racial disparities have widened during the last 30 years, and racial differences in prevention practice patterns among health providers have partly been blamed for excessive morbidity among minority population [147] . Study participants with higher level of CRC risk factors, like IBD, were twice as likely to report during studies that physician had ever recommended CRC screening (OR= 1.9; Cl= 1.3-2.8; p <0.001) [148] . Studies detected a sizeable gap between recommended, scheduled, and completed CRC testing. This strongly suggests that increasing physician communication of CRC risk and barriers to compliance will optimize actual CRC screening rates. However, it is reasonable-and to a larger extent practical-to design a non-physician-based navigator system that reinforces physicians' recommendation by providing information and motivation to remove personal perceived barrier of patients who are at risk for noncompliance to complete the screening.
Blacks have the highest incidence and death rates for CRC among all major races or ethnicities in the USA (Table 4) and have a higher proportion of CRC under the age of 50 years compared with whites (10.0% versus 5.5%) [4, 149] . Early colonoscopy screening (<45 years) is recommended in this group. However, it should be understood that practitioners are poorly trained or informed that they should advocate the use of screening colonoscopy in blacks beginning at the early age of 45 years. Patients who either do not want colonoscopy or do not have access to colonoscopy should be screed by the other recommended modalities [150] that may reduce mortality from CRC as a backup measure to colonoscopy. Individuals, regardless of race or ethnicity, who reside in poorer and underserved communities with lower access to health care do not experience a reduction in CRC incidence compared with more affluent communities; this remains a key barrier to colonoscopy screening [151] . Restorative proctocolectomy for UC
In patients with UC, RPC and construction of an ileo-anal pouch is, to date, the criterion surgical treatment of choice.
The development and refinement of pelvic pouch surgery allows the entire excision of a diseased colon while maintaining transanal continence [24] . Unfortunately, even after surgical treatment with proctocolectomy [with, Fig. 2a or without, Fig. 2b stripping (mucosectomy) ], patients are not eliminated from developing neoplasia in the pouch or at anal transition zone. To date, 37 cases of adenocarcinoma of the pouch or outflow tract following RPC for UC have been reported [25, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . Malignance following RPC appeared after mucosectomy in 23 incidences as well as in 21 patients following stapled anastomosis. In one case, there is no report. The incidence of cancer following RPC with mucosectomy was more than twofold that of cancers following stapled anastomosis. Among the 37 post-RPC adenocarcinoma cases reported here, the indication for the RPC had been neoplasia in 24 (dysplasia, 15; cancer, nine) and no neoplasia in 13. Clearly, it also has been observed that patients with cancer at the original resection had a shorter interval to the development of post-RPC pouch cancer [152] . 1.3, 1.9, 4.2, and 5.1, respectively . In the study, it was reported that the prognosis appear poor in these patients with IBD-associated-pouch cancer, as three patients died within a year of adenocarcinoma diagnosis. In the report [33] , they observed that a preoperative diagnosis of dysplasia or cancer of colon or rectum was a risk factor for pouch dysplasia or adenocarcinoma.
Indications One third of UC patients will require surgery [22] because of either disease refractory to medical treatment and/ or dysplasia or cancer (found during screening colonoscopy). Toxic dilatation, perforation and hemorrhage are less common indications [153] . In some cases, retardation of growth in a child or adolescent and in patients receiving high-dose intravenous steroids that have a stool frequency of more than eight times per day on the third treatment day with a C-reactive protein more than 45 mg/L are unlikely to settle. Patients who initially respond but promptly relapse with the reintroduction of diet are also likely to require colectomy. In any of the aforementioned circumstances, conventional surgery or RPC is recommended following an initial subtotal colectomy where the rectum is not suitable for IRA [24] . RPC for UC should always be considered elective [24, 153] . Otherwise, it is customary to instead perform subtotal colectomy with an end ileostomy [15] .
Contraindications Contraindications of RPC for UC may be classified as absolute or relative. The absolute contraindications are carcinoma in the low rectum requiring a total anorectal excision, incompetent anal sphincter, and emergency presentation. Patients presenting as an emergency should be treated with a colectomy and ileostomy with preservation of the rectum [154] . A period of at least 3 months should elapse before undertaking RPC. The relative contraindications are PSC and prereproductive females. Ileal pouch cancer after RPC for UC (vulnerability)
Conventional hand-sewn anastomosis after mucosectomy and double-stapled anastomosis without mucosectomy are the most common anastomosis techniques used [24, 155] . Controversy persists over the techniques of ileo-anal anastomosis (IAA). The majority of surgeons [155] feel that with the double-stapled anastomosis, less anastomotic complications, and superior rectal continence are achieved; however, a cuff of rectal mucosa is retained [35] , the main concern and argument from the opponents of the double-stapling technique [15, 53] . It seems clear though, despite controversies, that mucosectomy does not rule out future development of subsequent pouch-related cancer [59, 60] . With the mucosectomy and hand-sewn anastomosis, little to presumably no rectal mucosa is left behind. Microscopic islands of retained rectal mucosa, however, have been reported in 20% of patients [156] . This technique has largely been abandoned in non-high-risk patients replaced by the double-stapled technique, which is said to offer better functional results [24, 157] , thus higher possibilities of developing malignancies in the remaining rectal tissue [158, 159] and in the ileal pouch itself [35, 160] . In a recent case report [161] , an anal canal mucinous adenocarcinoma with lymph node metastasis has been diagnosed 7 years after ileal pouch excision.
Dysplasia and neoplasia of the pouch mucosa The incidence of dysplasia in the pouch mucosa has been reported [162] . A study from Karolinska University [163] followed 87 patients, prospectively over a median period of 6.3 years (range, 3 to 14 years). Three patients developed low-grade dysplasia. All had a type C mucosal pattern with chronic pouchitis and all demonstrated DNA aneuploidy, raising the possibility of future malignant transformation. Another study from the same institution [164] noted the development of dysplasia in five of seven of the patients with type C mucosa. Barrett [165] studied 30 UC-RPC patients with regular endoscopic review and multiple biopsies taken from the afferent limb, mid-pouch anteriorly, mid-pouch posteriorly, and the anastomotic area. Four patients demonstrated inflammation; all had mild-to-moderate chronic inflammatory changes, and one had low-grade dysplasia with a background history of chronic pouchitis. ThompsonFawcett et al. [162] followed 106 high-risk UC-RPC patients, including 29 with Kock ileostomy for more than 14 years, 42 UC-RPC for more than 12 years and 34 patients with chronic pouchitis from a cohort of 1,221 patients. Eleven had a history of dysplasia or cancer in the original proctocolectomy specimen. Thirty-three patients had severe villous atrophy, but only one of the 106 patients had dysplasia. This was multifocal and low-grade. DNA analysis by flow cytometry demonstrated aneuploidy in this patient and in two others [162] . A collaborated study from Sweden and the UK [28] reported long-term mucosal adaptation patterns and the incidence of dysplasia in 40 patients at a mean interval of 30 years, following a Kock continent ileostomy for UC. Type A and type B mucosal patterns, based on the criteria described by Lofberg et al. [164] and Setti Carraro et al. [166] were found in 29 patients, and a type C pattern was observed in 11. There were three cases of dysplasia which was low-grade and found exclusively in the type C group. There was no case of high-grade dysplasia or adenocarcinoma. Due to a significant disagreement among the pathologists in reporting low-grade and indefinite categories of dysplasia, the incidence of indefinite and low-grade dysplasia of 27.5% and 7.5%, reported by one group of pathologists, was reported by the second group to be 7.5% and 5%, respectively. Herline et al. [167] reviewed 222 UC-RPC pouch biopsy specimens from 160 patients for an average follow-up of 8.4 years. From more than 1,800 pouches of surveillance, only one case had focal, low-grade dysplasia. A recent article from Mount Sinai School of Medicine, New York, NY [168] , reported adenocarcinoma arising in an ileal pouch 29 years after UC diagnosis and 6 years after RPC.
Pouchoscopies were performed with biopsies taken from the pouch [169] during follow-up of 55 UC-RPC patients for a median of 14 years (range, 10.7-19.8 years). Interestingly, they found no patients with dysplasia in the 440 biopsy samples obtained, and all were negative for p53 antigen [169] . Similar observations were noted in 45 UC-RPC patients for clinical examination and pouch endoscopy, including mucosal biopsies [170] . The duration of their UC until surgery was a median of 6 years (range, 1-28 years) and the median time interval from start of disease until time of follow-up was 24.8 years (range, 17 to 46 years). They did not find high-grade dysplasia nor were invasive carcinomas diagnosed.
The ileal pouch has been shown to undergo histological adaptation to resemble that of colonic mucosa [164] . Few cases of true ileal pouch cancer have been apparently reported [158] , arising mostly from the remnant ATZ rather than the ileal pouch itself [35] , suggesting that even mucosectomy has clearly not always eliminated this risk [28] .
Despite the available controversial published data, it appears that cancer in UC-RPC population, though rare, does happen and seems to relate to the duration of disease rather than to the interval from RPC [158] . In all of the reported cases, the interval from onset of UC was more than 10 years.
Neoplasia of the residual anorectal mucosa The IAA is made between the ileal pouch and either the anal canal or the lower rectum [171] (Fig. 2) . The level depends on whether a manual anastomosis without mucosectomy (Fig. 2a) or a stapled anastomosis with mucosectomy (Fig. 2b ) has been performed [24] . In the former technique, the level can be controlled directly by the level at which the mucosectomy is made, although this is more difficult when carrying out a stapled anastomosis [172] . In some patients, there may therefore be a considerable length of anorectal mucosa below the anastomosis, which is considered at risk for developing neoplastic transformation [158] . One recent article from Israel [173] reported that one patient was observed to have cancer cells in random biopsies from the rectal cuff. A decade prior, she had undergone proctocolectomy and IPAA due to T2NO rectal cancer and 28 years prior total colectomy with IRA due to a right-sided T2NO colon cancer.
Inflamed anorectal mucosa following a stapled anastomosis may be symptomatic in up to 25% of patients [174] , indicating that residual mucosa, the so called "strip proctitis" or "cuffitis," may be clinically important. The longitudinal length of this segment will vary according to the level of the ileo-anal anastomosis. It may be referred to as the ATZ. Thompson-Fawcett et al. [175] showed considerable variation in the position and extent of the ATZ both from individual to individual and, to some extent, within the same individual. In almost all patients, the ileo-anal anastomosis will be more proximal, leaving a varying length of columnar epithelium. When referring to the epithelium below the ileo-anal anastomosis, the term ATZ is, perhaps, not accurate and should be replaced by the phrase "residual anorectal mucosa." Thus, the risk of dysplasia or cancer occurring below the ileo-anal anastomosis after both a stapled and manual-sewn anastomosis is up to 16% [176, 177] .
Incidence of neoplasia of the residual anorectal mucosa In a study from St. Mark's Hospital [178] on the incidence of dysplasia, the earliest histologic manifestation of cancer process, in the mucosectomy specimen taken from the anorectal stump during RPC of 118 patients with UC, 12 (10%) had dysplasia in the colon specimen. Dysplasia in the anorectal mucosa was found in three patients. There was a positive correlation between this and the presence of carcinoma in the operative specimen and the duration of disease. Observations from Cleveland Clinic Foundation [179] reported a significant incidence of dysplasia in the ATZ of UC-RPC patients. Low-grade dysplasia was found in 3.1% of patients and had developed at a median period of 16 months, post-operatively. No association was found, however, between dysplasia and the duration of UC, the use of double-stapled versus single-stapled technique or the distance of the anastomosis from the pectineal line. A similar study from the same institution [180] later reported the incidence and natural history of dysplasia of the ATZ in UC-RPC patients after a median follow-up of 77 months. Dysplasia developed in seven (3%) of 210 patients. Highgrade dysplasia was seen in one patient, and the risk of dysplasia was significantly increased in patients with prior cancer or dysplasia in the colon. In a larger series [181] , again from the same institution, 289 patients were followed by regular examinations and biopsies of the ATZ. Dysplasia was found in eight (4.5) patients at a median period of 9 months post-RPC. High-grade dysplasia was seen in two patients, one with a history of chronic pouchitis and the other with preoperative dysplasia in the colon. All eight of the patients with dysplasia were either followed closely or underwent mucosectomy with pouch advancement and re-anastomosis via an endo-anal approach. No patient developed carcinoma. There was no association between the occurrence of dysplasia and gender, age, preoperative disease duration, or extent of colitis; however, dysplasia was significantly associated with cancer or dysplasia in the colon or rectum in the proctocolectomy specimen. Indisputably, dysplasia in the ATZ, though rare, warrants long-term surveillance in these patients.
Scientists from John Radcliffe Hospital, in the UK [177] , assessed the risk of dysplasia and the presence of aneuploidy in the columnar cuff epithelium after stapled IAA in 113 patients with UC. The reported mean follow-up after pouch formation was 2.5 years. Successful columnar cuff biopsies were performed in 93% of patients, and no patient with dysplasia was found. Two biopsy specimens from one patient showed aneuploidy. Another study [182] , also from the UK, reviewed 135 UC-RPC patients for a median of 56 months, and the median interval from the diagnosis of disease was 8.8 years. There was no evidence of either dysplasia or carcinoma in the anorectal mucosa up to 12 years after surgery. As a result, they suggested that cuff surveillance in the first decade after stapled RPC, in the absence of dysplasia or carcinoma in the original colectomy specimen, may be unnecessary.
Risk factors for neoplastic transformation
There are six observed risk factors for neoplastic transformation following RPC for UC, namely: dysplasia or cancer in the operative specimen; interval from the diagnosis of UC; type C mucosal changes; extraintestinal manifestations (EIM) and manual versus stapled anastomotic technique.
Pouchitis Pouchitis is inflammation of the ileal pouch [15, 25] . Pouchitis is the most common long-term complication of patients following RPC and IPAA. Thirty-two percent of patients with an ileo-anal pouch have had at least one episode of pouchitis [15] . Symptoms of pouchitis are often similar to those of ulcerative colitis, including diarrhea, abdominal pain, bleeding, fever, joint pain, and increased stool frequency. In UC, the prevalence of pouchitis varies widely from less than 7% to as high as 44%. Histology review suggests that chronic inflammation of the pouch might be associated with pouch adenocarcinoma [33] . Because pouch cancer surveillance biopsies revealed significant inflammation, there is unconfirmed speculation that chronic mucosal inflammation may predispose RPC patients to developing dysplasia or cancer [33, 183] .
Dysplasia or cancer in the operative specimen Most observations have shown that the incidence of dysplasia following RPC is increased with a preoperative history of dysplasia or carcinoma or a finding of the same in the original operative specimen [162] . Twenty-two of 41 (54%) of the patients, who were reported to have developed cancer in the anorectal mucosa or in the ileo-anal pouch, had dysplasia or cancer that was identified before RPC or that was found subsequently in the operative specimen. This appears to be the likely, important predisposing risk factor for the transformation and/or development of neoplasia following RPC.
Interval from the diagnosis of UC The studies [184] have shown that the risk of colorectal cancer in patients with long-standing UC increases with time and is related to the anatomical extent of the disease in the operative specimen [185] . Pouch-related cancer did not occur in any of the patients before 10 years from the onset of UC, and the median interval was 20 years. The interval from RPC (median, 5 years; range, 1.3 to 18 years) has a greater variance, and it seems likely that the time of onset of the disease is the vital interval when considering surveillance.
Type C mucosal change A type C mucosal pattern of the pouch mucosa is observed to be associated with chronic pouchitis and also with dysplasia and aneuploidy. While Setti Carraro et al. [166] observed that these patients can be identified within months of RPC by histopathological examination of the biopsy material, others [162] did not demonstrate an association between chronic pouchitis and dysplasia, and furthermore, some have not found dysplasia at all in patients undergoing pouch surveillance [186] .
Extraintestinal manifestations The association between type C changes and EIM, including PSC and their apparent relationship with dysplasia, suggests that these patients are at a higher risk of developing pouch-related neoplastic transformation [164] .
Manual versus stapled anastomotic technique To date, 25 patients with carcinoma in the anorectal mucosa [33, 53] following RPC for UC have been reported. Out of these, 14 occurred after stapled anastomosis without mucosectomy [44, 53, 187] and nine after mucosectomy and hand-sewn anastomosis (in two cases, the technique was not described), indicating that carcinoma can occur after either form of anastomosis. The cumulative risk of carcinoma in the anorectal mucosa from prospective life table analysis is lacking. It is possible that patients who had received a stapled anastomosis [161, 178, 182, 188] are at significant risk in the long-term where there is residual rectal mucosa, particularly if dysplasia was present preoperatively.
Surveillance for neoplastic transformation
Recommended guidelines have recently been developed at St. Mark's Hospital [27] to provide consistent evidence-based care by the pouch specialist practitioners. The obvious challenging problem is the wide inclusion of patients with different quality of surveillance. Surveillance using "flexiblepouchoscopy" is recommended to be undertaken every 5 years and annually in those at high risk of neoplastic transformation [158] . Delaini et al. [189] suggest that intense follow-up and research-based evidence is obligatory in maintaining RPC as the "criterion standard" procedure for UC.
Despite the fact that RPC risk surveillance is costly [158] , the good news is that the incidence of carcinoma in the ileal pouch or anorectal mucosa appears to be rare during the first 10 years after RPC. It is not clear as to whether there is a metaplasia-dysplasia-carcinoma sequence [54, 170] following RPC or whether there is simply increased risk of sporadic cancer in the ileal pouch of certain, susceptible individuals. The literature, however, suggests that patients with preoperative neoplastic transformation, type C pouch mucosal changes, PSC, and antecedent dysplasia/carcinoma are at higher vulnerability of developing dysplasia or invasive adenocarcinoma than the normal population undergoing RPC. These features merit concern and follow-up. Both the pouch and the anorectal mucosa should be monitored by endoscopic biopsy [158] . Initial biopsies from the pouch should be taken at 6 to 12 months post-operatively to identify the appearance of type C changes. From 10 years onward from the onset of disease, pouchoscopy with multiple biopsies and anorectal mucosal biopsies should be considered. This should be repeated annually from 10 years from the onset of UC.
Alternative forms of surveillance have been proposed by Elkowitz et al. [190] including the p53 over expression and aneuploidy of biopsies, in addition to histopathological assessment for dysplasia. A method of surveillance of the anorectal mucosa using high-magnification chromatoscopic pouchoscopy has been described [46] . The method gives an accurate assessment of anorectal surface microanatomy, permitting accurate biopsy targeting. It is possible that these approaches may become part of future surveillance. Summary CRC, the most lethal complication of IBD, is the culmination of a complex sequence of molecular and histologic derangements of the colon epithelium that are initiated and at least partially sustained by prolonged long-standing chronic inflammation. Dysplasia, the earliest histologic manifestation of this process, plays vital role in colon cancer prevention by providing the first clinical alert that this sequence is under way and by serving as endpoint in colonoscopic surveillance of patients at high risk for CRC. The diagnosis and grading of dysplasia in endoscopic surveillance biopsies play a decisive role in the management of patients with IBD. The selection of appropriate endpoint for surgical intervention, when dysplasia is diagnosed, requires striking a balance between the risks of potentially unnecessary surgery and those of progression to incurable cancer where intervention is delayed. Unfortunately, even after thorough considerations and pelvic pouch surgery, some patients still get pouch-related cancer [33] . This may happen because: (1) following either mucosectomy or stapled anastomosis, pouch cancer may still occur; (2) this cancer can occur after RPC performed for UC or CC either with or without neoplasia; and (3) this complication is seen whether or not the initial cancer or dysplasia had involved the rectum. A negative pathology report may not mean that the patient is free of future pouch dysplasia or malignancy. Although the current risk of developing ileal pouch cancer is rare, it is apparently increasing in frequency. Those patients with long-standing pouchitis are at higher risk of developing adenocarcinoma at the sight of inflammation in the ileal pouch. Therefore, routine surveillance, as often as every 6 months to a year, is warranted in such patients.
Conclusion
Prolonged chronic inflammation seems, partially, to be the precursor of IBD-associated CRC. Genetic predisposition linked to heritable factors increase susceptibility of IBDassociated CRC. Neoplastic lesion(s) in patients with functional pouches is real. The risk does not limit to the IBD patients with precolectomy dysplasia or cancer. Pouch-related cancers after RPC, particularly in patients with long-standing pouchitis, proctitis, and cuffitis are susceptible and not absolutely preventable for developing pouch neoplasia. The prognosis of pouch adenocarcinoma appears to be poor. Although surveillance has been widely embraced and broadly implemented current endoscopic surveillance modality seems to be inadequate to detect dysplasia preceding pouch adenocarcinoma. The greatest promise for cancer prevention in IBD lies largely in expanding our, thus far, limited knowledge of the molecular pathogenetic relationships between neoplasia and chronic inflammation pathways.
A vast majority of minority patients do not receive standard CRC testing in urban safety-net primary care settings. This first illustrates the need to empower providers to communicate with patients regarding scheduling and completing the recommended CRC testing. The second is the need to actively involve patients in self-management practices that allow them to accept the benefits of early testing and adhere to recommended tests. Unfortunately, this is still a big problem in primary health care disparities.
